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INVESTIGATION OF THE AFRODYNAMIC CHARACTERISTICS IN PITCH
- AND SIDESLIP OF A 45° SWEPTBACK-WING ATRPLANE MODEL
WITH VARTOUS VERTICAL LOCATIONS OF THE WING AND
| HORTZONTAL TATL

EFFECT OF WING TOCATION AND GEOMETRIC DIHEDRATL RE—
FOR THE WING~-BODY COMBINATION, M = 2.0l

By M. Leroy Spearmen el
STMMARY

An investigation has been conducted in the Langley 4- by L4-foot
supersonic pressure tunnel to determine the effects of wing wvertical
location and geometric dihedral on the serodynamic characteristices in
pitch and sideslip of a wing-body configurstion at s Mach number of 2.01.
The model was composed of a body having a length-diameter ratio of 10.96
and was equipped with a wing having 45° sweepback, an aspect ratio of L,
e taper ratio of 0.2, and NACA 65A004 sections. o

The configurations lnvestigated included & high-wing, a midwing,
and a low-wing arrangement. Results were obtalned for the midwing con-
figuration for geometric dihedral angles of -3°, 0°, and 3°.

The results indicated that the melin effects of wing vertical loca-
tion and geometric dihedral were quite similar to those that occur at
low subsonic speeds in that the effective dihedral was found to be posi-
tive with the high wing or with positive geometric dihedrel and negative
with the low wing or with negative geometric dihedral. The variation of
1ift and pitching moment with angle of attack in the low angle range indi-
cated a slightly lower lift-curve slope and a more negetive pltching-
moment sliope than predicted. The increment of rolling-moment provided
by geometric dihedral could be predicted closely by means of an avallable
method developed for the transonic and supersonic speed range.
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INTRODUCTION

The experimentally determined effects of wing position on the sero-~
dynamic characteristics of generalized wing-body configurations can be
of considerable usefulness to the designer in the estimation of the sta-
bility and performance of simllar specific configurations. 1In additlon,
such generalized results may be useful in the verification of wvarious
calculative methods for the prediction of the aserodynamic characteristics
of wing-body combinations. A considerable amount of such experimental
data is available at low speeds (refs. 1 to4, for example), wherein
the influence of both plan form and position of wings and tails have been
determined from wind-tunnel tests of models simuiating high-speed type
alrcraft. Similar investigatlions have been extended to high subsonic
Mach numbers (for example, refs. 5 to 9). Only a limited amount of such e
experimental data is available at present in the supersonic speed range.
One exemple is the investigation reported in reference 10 in which the
effects of wing vertical location on the longitudinal characteristics of
wing-body combinations were determined in the Mach number ranges from 0.61
to 0.91 and from 1.20 to 1.90.

In order to provide additional results of general interest to the
designer for the supersonic speed range, an investigation has been con-
ducted in the Langley b- by L-foot supersonic pressure tunnel at a Mech
number of 2.01 to determine the effects of wing vertical locatlon as well
as horizontal-~tail wvertical location on the longltudinal and lateral aero-
dynamic characteristics of a complete model having a 45° swept wing and
tail. The baslic results, without analysis, are presented in reference 11.
The present paper conslsts of an analysis of the effects of wling vertical
location and wing geometric dihedral for the wing-body combinetions. =

SIMBOLS

The results are presented as standard NACA coefficients of forces
and moments. The data are referred to the stability-axis system (fig. 1)
with the reference center of moments located at 25 percent of the wing
mean geometric chord.

The symbols are defined as follows:

CL 1ift coefficient, -Z/qS ) G
Cx longitudinal-force coefficient, X/qS
Cy leteral-force coefficient, Y/qS .
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Cn yawing-moment coefficient, N/qu

C3 rolling-moment coefficient, L'/qSb -
Cm pitching-moment coefficient, M'/qS3

Z force along Z-axis

X force along X-axis

Y force along Y-axls : _—

N moment about Z-axis o

L' moment gbout X-axis —
M’ moment about Y-axis

L 1ift, -z

D drag, X _ -

q free-stream dynamic pressure e
] vertical distance from fuselage center line to wing chord plane

s wing area inecluding body intercept R

h average fuselage height at wing root

W average fuselsge width at wing root -

A aspect ratio of wing —_

b wing span

¢ wing mean geometric chord

b4 distance along body center line from nose

1 body length o R

a angle of attack, deg : .

B angle of sideslip, deg

¢ angle of roll, deg ceeem -
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iy wing geometric dihedrsl angle, deg

OYB rate of change of lateral-force coefficient with angle of side- -

oCy

slip, 'a—B—

CnB rate of change of yawing-moment coefficlent with angle of side-
ACn

! slip, -BF—

CzB rate of change of rolling-moment coefficient with angle of side-
oCy m

Blip, gé—

Czﬁp rate of change of rolling-moment coefficlent due to sideslip

oCy
with geometric dihedral angle, —S—E
I‘ -

MODEL AND APPARATUS -

A drawing of the model is shown in figure 2 and the geometric char-
acteristics of the model are presented in table I.

The model fuselage was a body of revolution having a length-dismeter
ratio of about 11 and was composed of an oglve nose, a cylindrical mid-
section, and a slightly boattelil rear section. Coordinastes for the body
are presented in teble II. The wing hed 45° of-sweepback at the quarter-
chord line, an aspect ratio of 4, a taper ratio of 0.2, and NACA 65A004
sections in the stream direction. The model was so designed that the
wing position could be varied from e positidn flush with the underside
of the bedy to a position on the body centerline or to a position flush
wlth the upper surface of the body. The high and low wings were obtained
with one integral wing-body section that could be rotated 180°. The
nidwing was composed of two separate panels. The geometric dihedral of
the midwing could be variled from O° to elther 3° or -3°. The dihedral
angle was zero for the high and low wing and the incidence angle was zero
for all wings.

Force measurements were made through the use of a slx-component
internal strain-gage balance. The model was mounted in the tunnel on
a rotary-type sting. _ —
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TESTS, CORRECTIONS, AND ACCURACY

The conditions for the tests were:

Mach number . . . . . . T~ o 1 A

Stagnation temperature, °F . e e e e e e e e e e e e e e 110

Stagnation pressure, lb/sq in. abs e s e s e o s a4 8 e e & o s 12

Reynolds number based o & .+ + « « & o o o = o & + « « & o 1.8k x 106

The stagnation dewpoint was maintained sufficiently low (-25° F or
less) so that no condensation effects were encountered in the test
section.

The sting angle was corrected for the deflection under load. The
Mach number veariation in the test section was approximately -+0.01 and the
flow-angle varlation in the vertical and horizontal planes did not exceed
sbout +0.1°. The base pressure was measured and the longitudinal force
was adjusted to a base pressure equal to the free-stream statlc pressure.

The estimated errors in the individusl measured quantities are as
follows:

Normal £OTCE o« « = o ¢ o o o o o o o s « s o o s s s « s o « o H#.008

Chord fOrce . o« o o ¢ o ¢ o o« o o o o o o o o o s s o o o o +0.002
cm.........“..............-....-..:I:0.000’-I-

Cr = ¢+ o « o 4 & 4 s i 4t e 4 4 s e e s e e e ae e e s . 10.001
Cn....'........--.........-...--.1'0-0005 =
G o o o o ot o v e e e et e et e e e e e e e e e e e . . *0.000k

o A =Y - 0.2

By GBE o ¢ v o ¢ o o 4 o o o o 4 e 6 o & 4 s s s s e e a4 e s 0.2

The basic results for each configuration are presented in refer-
ence 11 for roll angles ¢ of 09, 15°, 300, 450, 60°, 75C and 90° through
a sting sngle range up to sbout 18°. The results for ¢ = 0°, of course,
represent the usual longitudinsl daeta, that 1s, the varistion of the coef-
ficlents with sngle of sttack up to a = 18° at B = 0°, whereas the
results at ¢ = 90° represent the varistion of the coefficients with
angle of sideslip up to B = 18 at o = 0°. For the results at combined
angles of attack and sideslip, the sting angle 1 and the roll angle
for roll angles between 0° and 90° have been resolved to angles of
attack « and angles of sideslip A +through the following relations
(see ref. 12):

tan o = cos @ tan i

I
£
AN
g

sin B

\Z
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RESULTS AND DISCUSSION

Aerodynamic Characteristiecs in Pitch

Effect of wlng vertical location.- The aerodynamic characteristics
in piteh for the body alone are shown in figure 3. The estimated 1ift
and moment variations with angle of attack were determined by the method
of Allen (ref. 13). The effect of wing vertical location on the aero-
dynamic characteristics of the wing-body combinstion in pitch (fig. 4)
in the lower angle range appears to be primarily a shift in the center-
of -pressure location (see fig. 5) and a slight change in 1ift sueh that
for e constant angle of attack the low-wing configuretion, in comparison'
to the midwing configuration, has a slightly higher 1lift-and a more resar-
ward center of pressure that results in a more negative pitching-~moment,
whereas for the high-wing configuration the reverse 1s true. The changes
‘in 1ift epparently result from the superposition of a negetbtlve pressure
field from the body onto the upper surface of the low wing and onto the
lower surface of the upper wing. In addltion, the drag of the wing itself
would tend to produce a negative pitching moment-for the low-wing config-
urstion and & positive pitching moment for the high~wing configuration.
These effects of wing vertical location on the 1ift and moment cheracter-
istice are similar to those obtained st low subsonlc speeds on other
models (ref. 1, for example). -

The estlmated varlstions of Cp and QL with o obtained by the
method of reference 14 (fig. 4) indicate a slightly higher CLm and a

slightly lower Cma than do the experimental results in the low angle-
of-attack range.

There 1s little difference in the variation of Cp or Cy with o
in the low angle range for the various wing locations. Above an angie
of attack of sbout 10°, however, the low-wing configuration indicstes a
rather large reduction in stebility. The reason for the greater loss in
stability at the higher angles of attack for the low-wing configuration
is not clear but it is the type of change that would result from sepsrated
flow at the wing tip and an inboard shift of 1ift. It may be possible
that the higher 1ift imposed on the low wing from the fuselage pressure
field throughout the angle-of-attack renge mlght induce a greater span-
wise flow and an earlier tip separation than for the midwing and high-
wing arrangements. This result night also be caused by an interference
from the wake of the low wing passing over the afterbody at the higher
angles of attack.

The 1lift-drag ratios (fig. 6) are essentially the same for all wing
positions.
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Effect of geometric dihedral.- Varying the geometric dilhedral of the
midwing configuration from 00 to either 3° or -3° (fig. 7) resulted in
only slight changes in the longitudinel characteristics. The center-of-
pressure location is essentially the same for each dihedral angle (fig. 8)
and the meximum L/D is slightly lower for the wings having dihedral

(fig. 9).

Aerodynamic Characteristics in Sideslip

Effect of wing vertical location.- The principal effect of wilng
vertical locetion on the sideslip characteristics at o = 0° (fig. 10)
is to change the effective dihedral from zero (CZB = C? for the midwing

to & positive effective dihedral (-CIB) for the high wing and to a neg-

gtive effective dihedrsal (Cz ) for the low wing. This effect is the

same as that which occurs at low speeds (see ref. 1, for example) and
results from the cross flow about the yawed body which induces g positive
angle of attack for the leading wing and a negative angle of attgck for
the trailing wing for the high-wing srrangement and induces the opposite
effect for the low-wing arrangement.

Estimates of the increment of CIB resulting from the wing-fuselage

interference induced for the high- or low-wing locations were made by means

of an empirical relation developed for low speeds that has been found to
give good sgreement with experiment. This expression (see ref. 15) is as

1.2 ( >(h + W)

MZB = ponge R

The velue obtained by use of this expression is sbout ACZB = 0.0007

which is somewhat less than the experimental value of 0.0010. (See
fig. 10.)

The varilation of latersl force with sldeslip GYB end the variastion

of yawing moment with sideslip CnB gre slightly greater for both the

high- and low-wing srrangements than for the midwing arrangement (fig. 10)
because of the end-plate effect of the wing on the body cross flow.

The variastions of C; and Cm with B for the high- and low-wing
positions (fig. 10) are such that the 1ift and the moment varistions
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induced by the body flow fleld at B = 0° generally indicate an increase
in the body interference effect up to B = 120 with a decrease in the
interference thereafter.

Effect of geometric dlhedral.- The primary effect of geometric
dihedral on the midwing configuration at o = 00 (fig. 11) is, of course,
to vary the effective dlhedral Czﬁ in such a menner that, for positive

geometric dihedrel, the effective dilhedral becomes positive (~CIB) and,

for negative geometric dihedrsl, the effective dihedral becomes nega-
tive (CZﬁ>' In the case of geometric dihedral, the antisymmetric angle

of attack for the leading and treiling wings necessary to produce roll
1n sideslip is provided by the Introduction of dihedral in a symmetric
cross flow (midwing position) rather than by placing the wing in an
unsymmetricel cross flow field (low- or high-wing position).

The estimated varistion of . C; with B resulting from geometric
dihedral (czBP) was cobtained by & method developed for the transonic and

supersonic renge (ref. 16). The estimated results indicate a value
of cpr of ebout -0.00013 which is essentially in exact agreement with

the experimental value. (See fig. 11.) Tt is interesting to note that
the experimentally determined wvalue for M = 2.01 agrees fairly well

wlth values obtained experimentally at subsonic speeds for an isolated
450 swept wing CFIBF = «~0.00011, ref. 17) and for s complete model with

a 45° swept wing (CZBP = -0.0001%, ref. 18).

There was no significant effect of geometric dihedral on the varla-
tion of any of the other aerodynamic coefficients with sideslip.

Effect of angle of attack on sldeslip characteristics.- The basic
data presented in reference 11 for the wing-body combinations et wvarious
roll angles were cross-plotted to obtailn the varistion of the aerodynamic
characteristics in sideslip for verious constant angles of attack. These
results are presented in figure 12 for the various configurations and
the effect of angle of-attack on the sideslip derivatives CnB’ C;B,

and CYB le sumarized in figure 13. These resulte indicste a general
increase in the effective dilhedral (_CZB) with increasing angle of attack
similar to that which occurs at subsonic speeds for swept wings (ref. 15).
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For the midwing configuration, either with or without geometric
dlhedrel, there is a slight increase in -CYS and -CnB with increasing

angle of attack.
For. the low-wing configuration, the directional instability (-CnB)

increases more repldly with increasing angle of attack than does that
for the midwing configuretion but wilth essentially no change in CYB.

For the high-wing configuration, in relation to the midwing configuration,
the reverse 1s true in thet the directional instability remsins essen-
t1lally constant wilth increasing esngle of attack, whereas the lateral-
force derivative ( CYB) increases considersbly.

These effects are similar to those that occur at low speeds (see
ref. 1, for example) and are a result of the induced sidewash from the
wing on the body.

CONCLUSIONS

An investigation of the effects of wing vertical location and of
wing geometric dihedral on the aerodynamic characteristics in pitch and
sideslip of a 45C swept-wing—body combination at a Mach number of 2.01
indlcated the following conclusions:

1l. The 1ift and pitching-moment varistions with angle of attack for
the midwing configuration indicated a slightly lower lift~curve slope
end a more negative pliching-moment-curve slope than predicted for angles
of attack up to about 10°.

2. With relstion to the midwing position, the low wing had a slightly
higher 1lift snd more negative pitching moment for a constant angle of
attack, whereas the opposite is true for the high-wing position. These
effects are similer to those obtained at low subsonlc speeds.

3. The effect of wing vertlcal location on the sideslip character-
istles at zero angle of attack was to change the effective dihedral from
zero for the midwlng poslition to a positive dihedral effect for the high
wing and a negative dihedral effect for the low wing.

Ly, The effect of geometric dihedral for the midwing configuration
was similar to that experienced at subsonic speeds in that a positive
sideslip produced a negative rolling moment. The resulting rolling
moment can be predicted quite closely through the use of existlng methods
for the transonic and supersonlic speed range.
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5. The effective dihedral increased with increasing angle of attack
for all configurations in a manner simlilar to that which occurs for
similar configurations at low subsonic speeds.

6. With relation to the midwing configuration, the low-wing con-
figuretion became increasingly unstable directlonally with increasing
angle of attack while the high-wing configuration became less unstable

directionally.

Langley Aeronsutical Leboretory,
Nationel Advisory Committee for Aeronautics,
Langley Fileld, Va., February 1, 1955.
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GECOMETRIC CHARACTERISTICS OF MODEL

Wing:

Area, s8q 1in. . .
Spen, in. . . . .

Root chord, in. . « - . .
Tip chord, in. . .

Teper ratio . . .

Aspect ratio . . . . . .
Mean geometric chord, in.

TABLE I

Spanwise location of mean geometric chord,

wing semispsn . . .
Incidence, deg « « + «

Sweep of quarter-chord line,

Section . ¢« « & « . .

Body:

Length, in. . . . . .« .
Diameter (meximum), in
Diameter (base), in. . . .
Length-diameter ratio

deg .« . ¢« .« &

percent

NACA

13

Ihh

. 24
. 1o
. 2
a 0.2
. L
. 6.8
. 38.9
. O
. U5
65A004
36.50
3.33
2.67
10.96
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TABLE II

BODY COORDINATES

NACA RM 1I55B18

X, in. R, in.
0 0

2.000 . .530
%.000 . 956
6.000 1.280
8.000 1.506
10.000 1.63k
11.667 1.667
27.750 1.667
36.500 1.34k

b Ulgbey s aciig
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Relative wind

Figure 1.- System of stability axes. Arrows Indicate positive directions.
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Figure L.~ Effect of wing vertical location on the aerocdynemic character-
istics in pitch. B = 0°.
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(b) Variastion of longitudinal characteristics with 1ift.

Figure 4.~ Concluded.
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Figure 10.- Effect of wing verticel location on the aerodynamic character-
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Figure 12.- Continued.




> Aol NACA RM I55B18
.04
(o 8
(deq)
| O
o)
c
m ,—”' —_—— T = ___I______'___4
-.04
.____.L_/F"'—'——— ——r— 8
12,
AT |
| T
-.08
-.12
.8
.6 | ldeq
16
T ‘~\‘ ________ I |2
.4
."'_“’,_3
CL — N
.2 o3 —_P_’________.—_——r—-_——-q
o)
0
-2
© 4 8 12 3 20
B, deg

(e) Concluded.

Figure 12.-~ Concluded.




NACA RM I55B18

0
o
8
—-002 == —
\\. \
—.004
Wing r
{deq)
----- Low 0
Mid 0
—-—High 0
. —--—Mid 3
001 _ — —Mid -3
CZB \\ = P
O \ h \‘
\\\\ \\\
— - ~] \ N
~ ~
~001 - R\ N
A \5\ *J. \J \\
%\\ \h\ \ \
- \
\L\ \\ \\
.— 002 \\\\\ AV
T
-.003
0
c —F e
-.0l -\\\\\\\
N
-.02
0 4 8 12 16
= , deg

20

39

Figure 13.- Variation of sideslip derivatives with angle of attack for
various configuretions.
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